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EXECUTIVE SUMMARY

This tenth annual monitoring report provides a summary of analytical data, discharge measurements,
geomorphic changes, and precipitation data associated with storm water samples collected from the

Los Alamos/Pueblo (LA/P) watershed from June to November 2019. Monitoring objectives include
collecting data to evaluate the effect of watershed mitigations installed in the LA/P watershed on stream
flow and sediment and contaminant transport. Watershed mitigations evaluated include the Delta Prime
(DP) Canyon grade-control structure (GCS) and associated floodplains; the Pueblo Canyon drop
structure, willow planting, wetland, and GCS; the Los Alamos Canyon low-head weir and associated
sediment detention basins; and the storm water detention basins and vegetative buffer below the Solid
Waste Management Unit 01-001(f) drainage in Los Alamos Canyon. Pursuant to Section VIl of the 2005
Compliance Order on Consent (Consent Order), Los Alamos National Laboratory (the Laboratory) had
implemented interim measures to reduce the migration of contaminants within the LA/P watershed. These
mitigations have been implemented with the overall goals of minimizing the potentially erosive nature of
storm water runoff, enhancing deposition of sediment, and reducing access of contaminated sediments to
storm water. Appendix B of the 2016 Consent Order requires the submission of this annual monitoring
report to the New Mexico Environment Department.

Gaging station and sampling locations within the LA/P watershed monitor the hydrology and sediment
transport, including stations that bound the mitigation sites. Stage height/discharge is monitored at 5-min
intervals at a series of gaging stations. Precipitation data are collected across the Laboratory by means of
5 meteorological towers and an extended network of 14 precipitation gages. Sampling for analytical suites
specific to each reach of the watershed is conducted using portable automated samplers. Sampling
equipment and the extended rain gage network are deactivated during the winter months (December to
April) and reactivated in the spring.

Attenuation of flow and associated sediment transport are primary goals of the sediment transport
mitigation activities. Decreasing flow velocity allows for increased infiltration, thus reducing peak
discharge, reducing the distance the flood bore travels downstream, and reducing the distance sediment
and associated contaminants entrained in the storm water travel downstream. In DP Canyon, the GCS
and associated floodplains between gaging stations E038 and E039.1 facilitated a significant reduction in
the suspended sediment being transported downstream. In Pueblo Canyon, the wetland, willows, drop
structure, and GCS between gaging stations E059.5 and E060.1 facilitated such a reduction in peak
discharge that storm water runoff at E060.1 was not large enough to sample. In Los Alamos Canyon, a
reduction in peak discharge, runoff volume, and sediment yield transmission downstream between
E042.1 and E050.1 was due to the low-head weir and associated sediment detention basins between the
two gaging stations. The 2019 monitoring data in the LA/P watershed indicate that, in general, the
mitigations are performing as designed.

Geomorphic changes are monitored at one background area, five sediment transport mitigation sites, and
two sediment detention basin areas that have been established in the LA/P watershed. The bank and
thalweg surveys and repeat photographs support the conclusion of overall stability of the banks and
channels in Pueblo, DP, and Los Alamos Canyons and establish the geomorphic change between 2018
and 2019 as minor, indicating that the watershed mitigations are performing as designed.

Based on the correlations between concentrations of metals, radioisotopes, and polychlorinated biphenyls
(PCBs) in unfiltered storm water and suspended sediment concentration presented in the “2015 Monitoring
Report for Los Alamos/Pueblo Watershed Sediment Transport Mitigation Project,” in 2016 the Laboratory
removed certain constituents from storm water monitoring at Los Alamos and Pueblo watershed gaging
stations E026, E030, E038, E039.1, E040, E042.1, E055, E055.5, E056, E059.5, and E059.8. Unfiltered
target analyte list metals (as well as isotopic uranium, gross beta, and radium-226/228) at E050.1 and
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E060.1 continue to be monitored in response to the 2017 memorandum of understanding between the
U.S. Department of Energy and the Buckman Direct Diversion Board. Dissolved metals, total selenium,
total mercury, and total recoverable aluminum (after filtration using a 10-um pore size filter) continue to be
monitored because these dissolved and total metals have numeric criteria applicable to achieving
designated and attainable uses given in 20.6.4 New Mexico Administrative Code. Silver in unfiltered storm
water in Acid and Pueblo Canyons and total PCBs and certain isotopic radionuclides in unfiltered storm
water will continue to be monitored.

Continued monitoring in 2020 is expected to confirm the sediment transport mitigations in the
LA/P watershed are performing as designed.

vi
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1.0 INTRODUCTION

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility owned by
the U.S. Department of Energy (DOE) and managed by Triad National Security, LLC. The Laboratory is
located in north-central New Mexico approximately 60 mi northeast of Albuquerque and 20 mi northwest of
Santa Fe. The Laboratory site comprises an area of approximately 36 mi?, mostly on the Pajarito Plateau,
which consists of a series of mesas separated by eastward-draining canyons. It also includes part of
White Rock Canyon along the Rio Grande to the east.

This tenth annual monitoring report summarizes analytical data, discharge measurements, and
precipitation data associated with storm water collected from the Los Alamos and Pueblo (LA/P) watershed
from June to November 2019; reports on geomorphic changes during 2019 at the sediment transport
mitigation sites in the LA/P watershed; and documents watershed mitigation inspections in 2019. Appendix
A includes acronyms and abbreviations. Appendix B addresses geomorphic and wetland changes in 2019,
and Appendix C provides photographic documentation of watershed mitigation inspections. Appendix D
(on CD included with this document) presents analytical results for 2019, along with gaging station stage
and discharge data. This monitoring was initially stipulated by the New Mexico Environment Department
(NMED) approval with direction for the “Los Alamos and Pueblo Canyons Supplemental Investigation
Report,” which states that “The Permittees must install surface water monitoring stations below each
newly-installed weir and develop a monitoring plan to evaluate each weir’s effectiveness” (NMED 2007,
098284). Subsequent proposed mitigation and monitoring efforts were identified and implemented per the
approved “Interim Measure Work Plan to Mitigate Contaminated Sediment Transport in Los Alamos and
Pueblo Canyons” (hereafter, the IMWP) (LANL 2008, 101714; NMED 2008, 103007) and the approved
“Supplemental Interim Measures Work Plan to Mitigate Contaminated Sediment Transport in Los Alamos
and Pueblo Canyons” (hereafter, the SIMWP) (LANL 2008, 105716; NMED 2009, 105014). Monitoring in
2019 was performed in accordance with the “2019 Monitoring Plan for Los Alamos/Pueblo Watershed
Sediment Transport Mitigation Project” (N3B 2019, 700418).

Monitoring objectives include collecting data to evaluate the effect of watershed mitigations installed in
the LA/P watershed on stream flow and sediment and on contaminant transport. The discussion of flow
and analytical results for suspended sediment and constituent concentrations focuses on an evaluation of
the overall performance of the watershed, with specific emphasis on the effects of the mitigations
implemented per the IMWP and SIMWP. The discussion in Appendix B of geomorphic stability focuses on
sediment stability and mobility in the watershed as a measure of the overall stability of the watershed and
the performance of the sediment-mitigation structures.

The NMED approval with modifications for the 2013 monitoring plan for sediment transport mitigation
(LANL 2013, 243432; NMED 2013, 523106) also directed the Laboratory to monitor storm water above
and below the detention basins below the Solid Waste Management Unit (SWMU) 01-001(f) drainage in
upper Los Alamos Canyon. Watershed mitigations evaluated in this report include the Delta Prime (DP)
Canyon grade-control structure (GCS) and associated floodplains; the Pueblo Canyon drop structure,
willow plantings, wetland, and GCS; the Los Alamos Canyon low-head weir and associated sediment
detention basins; and the storm water detention basins and associated vegetative buffer below the
SWMU 01-001(f) drainage in Los Alamos Canyon.

Work began in 2014 to rehabilitate and mitigate damage to the Pueblo Canyon wetlands, GCS, and
gaging station E060.1 from the September 2013 flooding. Work accomplished in 2014 included planting
willows below the wetlands; planting canary reed grass; installing piezometer transects to record water
levels and willow performance; stabilizing the local banks; and undertaking Phase | post-flooding
mitigation activities at gaging station E060.1, including armoring of the north bank directly downstream of
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the flume and stabilizing select banks. Work accomplished in 2015 included installing a drop structure at
the Pueblo Canyon wetland headcut; installing gaging station E059.8 equipped with a v-notch flume;
undertaking Phase Il of gaging station E060.1 post-flooding mitigations, including redirecting the channel;
installing spurs for bank protection; contouring the area around the gaging station; installing erosion
protection measures at the downstream side of both the existing Pueblo Canyon GCS and gaging station
E060.1; and constructing an access road.

Key constituents of concern in the watershed addressed in this monitoring report include radionuclides.
Corrective actions at the Laboratory are subject to the 2016 Compliance Order on Consent

(Consent Order). Information on radioactive materials and radionuclides, including the results of sampling
and analysis of radioactive constituents, is voluntarily provided to NMED in accordance with DOE policy.

1.1 Project Goals and Methods

The mitigations specified in the IMWP and SIMWP have been implemented with the overall goal of
minimizing the potentially erosive nature of storm water runoff to enhance deposition of sediment and to
reduce or eliminate the susceptibility of contaminated sediments to flood erosion. Figures 1.1-1 and 1.1-2
show the locations of the mitigation and monitoring stations, including stream gaging stations, in the
LA/P watershed. Mitigation/rehabilitation measures performed in 2014 and 2015 in response to the
September 2013 floods are discussed in this report because these measures have become integral to the
LA/P watershed monitoring. In the Pueblo Canyon watershed, the central focus of the mitigations is to
maintain a physically, hydrologically, and biologically functioning wetland that can reduce peak flows and
trap suspended sediment because of the presence of thick wetland vegetation. Stabilization and
enhancement of the wetland were partially addressed with the installation of a GCS designed to inhibit
headcutting below the terminus of the wetland and to promote the establishment of additional riparian or
wetland vegetation beyond the current terminus of the wetland. Mitigations in upper portions of

Pueblo Canyon above the wetland are designed primarily to reduce the flood peaks and to enhance
channel/floodplain interaction before floods reach the wetland. Gaging stations are situated within the
watershed to monitor the overall hydrology and sediment transport along the length of the watershed,
including stations that bound the wetland.

In DP and Los Alamos Canyons, mitigations included stabilizing and partially burying the channel and
adjacent floodplains in upper DP Canyon, which is a source of contaminants entrained in frequent floods
that originate from a portion of the Los Alamos townsite. A GCS was installed with a height that
encourages channel aggradation, thus reducing the potential for erosion of contaminated sediment
deposits in adjacent banks during floods. Channel aggradation should also encourage the spreading of
floodwaters, thereby reducing peak discharge because of transmission loss within the reach and thus
enhancing sediment deposition. Lower flood peaks should also reduce the erosion of contaminated
sediment deposits downcanyon of the DP GCS. Mitigations in Los Alamos Canyon several kilometers
below the DP Canyon confluence involve removing accumulated sediment behind the Los Alamos
Canyon low-head weir to increase the residence time of floodwaters and to enhance settling of
suspended sediment and associated contaminants. (Sediment removal in Los Alamos Canyon was
performed in April 2014 but not in 2015, 2016, 2017, 2018, or 2019 because not enough sediment had
accumulated to warrant its removal.)

Additional mitigations were implemented in Los Alamos Canyon under a separate administrative
requirement (LANL 2008, 104020; NMED 2009, 105858) to address polychlorinated biphenyl (PCB)
contamination associated with SWMU 01-001(f). The mitigation actions at that location involved removing
contaminated sediment from the hillslope and constructing detention basins and a willow-planted
vegetation buffer at the bottom of the associated hillside drainage to promote the settling of PCB-
contaminated sediments in runoff from the upgradient PCB-contaminated hillslope drainage. In addition, a
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pipeline was installed in 2015 under the National Pollutant Discharge Elimination System (NPDES) Permit
NMO0030759 (the Individual Permit) to divert townsite runoff around SWMU 01-001(f).

Inspections of all watershed mitigations are performed on a routine basis and after significant flow events
(greater than 50 cubic feet per second [cfs] at locations with gaging stations or greater than 0.5 in. in

30 min at locations without gaging stations). These inspections are completed to ensure the watershed
mitigations are functioning properly and to identify if maintenance may be required. Appendix C contains
photographs and descriptions of each inspection and associated information.

2.0 MONITORING IN THE LA/P WATERSHED
21 Discharge and Precipitation Measurements and Sampling Activities

Discharge was measured and surface water sampling was attempted at 13 gaging stations in the

LA/P watershed in 2019. Gaging stations with concrete, trapezoidal, supercritical-flow flumes are
designated Los Alamos below Low Head Weir (E050.1), Pueblo below Grade Control Structure (E060.1),
DP below Grade Control Structure (E039.1), and Los Alamos above Low Head Weir (E042.1). Nine other
gaging stations that complete the monitoring network in the LA/P watershed are designated as Pueblo
above Acid (E055), South Fork Acid Canyon (E055.5), Acid above Pueblo (E056), Los Alamos below Ice
Rink (E026), Los Alamos above DP Canyon (E030), DP above TA-21 (E038), E059.5 Pueblo below LAC
WWTF (E059.5), E059.8 Pueblo below Wetlands (E059.8), and DP above Los Alamos Canyon (E040).
Figure 1.1-2 shows the locations of stream gaging stations and watershed mitigations within the
Laboratory’s property boundary and on adjacent land owned by the County of Los Alamos.

Stage height was monitored at each LA/P gaging station at 5-min intervals in the LA/P watershed.

Sutron 9210 data loggers stored each recorded stage-height measurement as it was made. Discharge
was computed for each 5-min stage measurement using rating curves for each individual gaging station.
Log check dams in Acid Canyon just below E055.5 installed in 2017 caused the channel bed to fluctuate
significantly through 2017. In March 2018, the gage station at E055.5 was relocated 35 feet upstream to a
more stable location (Figure 2.1-1). At the beginning of the 2019 sampling season one cross-section at
the new gage station’s sensor location and the channel slope were surveyed before any flows in order to
calculate a stage height for the sampling trip level. The survey data were used to calculate multiple
discharge measurements at different stage heights using the Manning’s formula to create a rating curve.

V=%sl/2 R?/3 Equation 1

Where V = the mean velocity of the flow,
s = the slope of the channel,
R = the hydraulic radius of the cross-section of the channel, and

n = the roughness coefficient.

Though this is a proper method to create a rating curve, it is not as robust as surveying multiple cross-
sections and using the survey data in a Hydrologic Engineering Center River Analysis System (HEC-
RAS) model from the U.S. Army Corps of Engineers (USACE 2008, 109517; USACE 2008, 109518),
which was the method used for all other stations. A more robust survey and rating curve will be created
in 2020. Shaft-encoder float sensors installed in stilling wells were used to measure water levels at
E042.1, E050.1, and E060.1. Self-contained bubbler pressure sensors (Sutron Accubar) were used to
measure water levels at E059.5 and E059.8, and at E055 and E056 for part of the year, and to provide
backup sensing at E042.1, E050.1, and E060.1. Radar sensors were used to measure water levels at
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E026, E030, E038, E039.1, E040, and E055.5; and at EO55 and E056, where the radar sensors replaced
the bubbler pressure sensors partway through the monitoring season; and to provide backup sensing at
E042.1, E050.1, and E060.1.

A complete record of 5-min stage-height measurements for the monitoring period from June 1, 2019, to
October 31, 2019, exists at E026, E030, E038, E039.1, E040, E042.1, E050.1, E055, E055.5, E056,
E059.5, E059.8, and E060.1. Appendix D contains the 5-min gaging station stage and discharge data for
the LA/P watershed.

Programs that monitor storm water at the Laboratory use precipitation data collected at the Laboratory’s
meteorological towers. Figure 2.1-2 shows total precipitation for each month from 2013 to 2019 averaged
over Laboratory sites; annual heterogeneity and increase in precipitation occurs during the summer
monsoon. In addition, a seasonal, extended rain gage network is deployed from April to November to
coincide with storm water monitoring periods. Storm water monitoring stations are assigned to individual
rain gages by means of a geographic information system (GIS) using the method of Thiessen polygons.
Rain gages, meteorological towers, Thiessen polygons and the drainage area for each stream gaging
station associated with the LA/P watershed are presented in Figure 2.1-3.

Sampling was conducted using ISCO 3700 portable automated samplers. Two ISCO samplers were
installed at each of the following locations: E038, E039.1, E042.1, E050.1, E059.5, E059.8, and E060.1.
At locations where two samplers were installed, one sampler was configured with a 24-bottle carousel to
monitor primarily suspended sediment, and the second sampler was configured with a 12-bottle carousel
to monitor inorganic and organic chemicals and radionuclides. At locations where a single sampler was
installed, the sampler was configured with a 12-bottle carousel to monitor suspended sediment, inorganic
and organic chemicals, and radionuclides. Sampler intake lines were set above the bottom of the channel
or flume and were placed perpendicularly to the direction of flow. Trip levels (in discharge) and the dates
during which the trip levels were active are presented in Table 2.1-1.

Sampling equipment at gaging stations in the LA/P watershed was shut down during the winter months
and reactivated in the spring. Automated samplers and equipment at gaging stations were inspected at
least monthly for all of 2019. Gaging station equipment at E050.1 and E060.1 was inspected weekly
throughout the year. Equipment found to be damaged or malfunctioning was repaired within 4 business
days after the problem was discovered, with the exception of E056. The bubbler pressure sensor
malfunctioned but the problem was not immediately diagnosed. The bubbler pressure sensor was
replaced with a radar sensor 27 working days after it malfunctioned. Equipment at the 13 LA/P gaging
stations was connected via telemetry to a base station, allowing real-time access to discharge
measurements and battery state of charge. Inspectors reviewed telemetry daily to ensure gaging stations
were functioning correctly, and gaging stations and samplers were inspected in the field when telemetry
readings indicated discharge had occurred or equipment problems existed. Additionally, flumes at
E039.1, E042.1, E050.1, and E060.1 were inspected for sedimentation after each discharge event and
cleaned within 5 workdays after sedimentation was noted.

2.2 Sampling at the Detention Basins below the SWMU 01-001(f) Drainage

In 2019, samples were collected during two storm water sampling events with an automated sampler
above two constructed detention basins below the SWMU 01-001(f) drainage at location CO111041. No
samples were collected downgradient of the detention basins at the culvert at the terminus of the
vegetative buffer below the lower basin (CO101038) because the detention basins would have to be near
capacity to collect a sample. Sampling locations and storm water control features at the detention basins
below the SWMU 01-001(f) drainage are identified in Figure 2.2-1. No physical evidence of storm water
flow across the lower basin spillway was observed during post-storm inspections in 2019.
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2.3 Sampling at the Gaging Stations in the LA/P Watershed

During the 2019 monitoring period (June 1 to approximately October 31), the sample-triggering discharge
(5 cfs above base flow at E026, E050.1, E059.5, E059.8, E060.1; 100 cfs at E038; and 50 cfs at the other
gaging stations) was exceeded during 5 storm events occurring on 6 days as presented in Table 2.3-1. No
precipitation events exceeding a sample-triggering discharge occurred before June 1 or after October 31.
A total of 13 sampling events occurred during the monitoring period at LA/P gaging stations. A sampling
event is defined as the collection of 1 or more samples from a specific gaging station during a specific
runoff event. Maximum daily discharge at all gaging stations on days when the sample-triggering discharge
is exceeded is presented in Table 2.3-1. Table 2.3-1 also summarizes the runoff events sampled at each
gaging station. Reasons that storm water was not collected during particular storm events are categorized
and presented in Table 2.3-2. Deviations from the monitoring plan are explained more fully in section 2.5.

2.4  Samples Collected in the LA/P Watershed

Sample suites presented in the monitoring plan vary according to the monitoring location and are based
on key indicator constituents, as well as requirements stipulated by NMED and per the 2017
memorandum of understanding between DOE and the Buckman Direct Diversion Board (BDDB) (DOE
and BDD Board 2017, 602995) for a given portion of the watershed. Analyses obtained from storm water
collected at sampling locations are presented in Table 2.4-1. In cases where insufficient water was
collected to perform all planned analyses, analyses were prioritized in the order presented in Table 2.4-1.
Up to 24 samples per event were collected for suspended sediment analysis from a single ISCO sampler
containing a 24-bottle carousel at the lower gaging stations (E042.1, E050.1, E059.5, and E060.1) and
upper DP Canyon gaging stations (E038 and E039.1) (Figures 1.1-2 and 2.1-3). Suspended sediment
analyses at all other locations were obtained from the first and last sample in an ISCO sampler containing
a 12-bottle carousel. Suspended sediment analyses were conducted using American Society for Testing
and Materials (ASTM) method D3977-97, from an entire sample, and reported using the designation
Suspended Sediment Concentration (SSC).

The U.S. Environmental Protection Agency (EPA) target analyte list (TAL) dissolved metals were
analyzed in filtered samples at all locations. Total mercury, selenium, and uranium were analyzed in
unfiltered samples at all locations. Other required analyses were conducted from unfiltered samples.
Sample collection times were recorded for each individual sample bottle filled, which allowed more
precise estimation of discharge and SSCs at the time samples were collected.

Analyses were conducted using the analytical methods presented in Table 2.4-2. Table 2.4-1 presents
the prioritization matrix that was used to guide the submission of analyses during 2019. Except at E050.1
and E060.1, where all events are monitored for all parameters, if four runoff events have been sampled at
a gaging station during the monitoring year, subsequent events with discharge less than the largest
discharge of the sampled storm events will not be analyzed.

Analyses planned and analyses performed differ during the year for several reasons including the following:
1. Incomplete sample volumes were collected.

a. Minimum volumes are required to obtain specified detection limits. If the volumes were
insufficient, select analyses were not performed.

b. Lowest-priority analyses are omitted when incomplete volumes are collected.
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2. Samples are collected in glass or polyethylene bottles.

a. Organic chemical analyses are conducted on samples collected in glass bottles and if glass
bottles did not fill, analyses were not performed.

b. Boron was analyzed as an addition to the TAL metal suite, and samples were collected in
polyethylene bottles. If sufficient volume was not collected in polyethylene bottles, then boron
analyses were not ordered.

25 Deviations from Monitoring Plan

The 2019 monitoring plan calls for samples to be retrieved from the field within 1 business day of sample
collection (LANL 2018, 603015). The interval between sample collection and sample retrieval is
documented in Table 2.5-1. In cases where samples are not retrieved on the first business day after
sample collection, the following priority order is used to collect samples:

o BDDB-related gaging stations E050.1 and E060.1: In 2019, three of three sampling events were
collected within 1 business day.

e Gaging stations bounding watershed mitigations at E038, E039.1, E042.1, E059.5, and E059.8:
In 2019, five of six sampling events were collected within 1 business day.

e Other gaging stations at E026, E030, E040, E055, E055.5, E056, C0O101038, and C0O111041: In
2019, four of four sampling events were collected within 1 business day.

In 2019, 13 sample sets were collected, retrieved, and analyzed from gaging stations and from the
sampler at CO111041. Samples were collected 12 times within the first business day.

If the stage or discharge could not be correctly measured because of damage or silting that occurred,
these instances are documented in Table 2.5-2.

Battery voltage, stage height, and sensor function at each active gaging station were remotely monitored
daily. An on-site inspection was performed if any malfunction or sample collection event was observed.
Samplers and monitoring equipment were physically inspected initially in May and at least monthly
between June 1, 2019, and November 2019

In 2019, Newport News Nuclear BWXT-Los Alamos, LLC (N3B) planned to analyze samples collected
from gaging stations E050.1 and E060.1 for TAL metals in the sample-sediment fraction on a dry-weight
basis. Sediment concentrations in samples from these gaging stations in 2019 were insufficient for this
analysis.

3.0 WATERSHED HYDROLOGY

The topography, geology, geomorphology, and meteorology of the LA/P watershed are quite complex and
include mesas, canyons, and large-elevation gradients; alluvium, volcanic tuff, pumice, and basalt;
ephemeral streams, evolving stream networks (both laterally and vertically), and sediment-laden stream
discharge; winter snowfall that can create spring snowmelt; intense summer monsoonal rainfall and
occasional late-summer to fall tropical storm activity; and severe spatial variability of rainfall.
Consequently, monitoring of the LA/P watershed runoff is also complex and challenging.
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3.1 Drainage Areas and Impervious Surfaces

The drainage area specific to each gaging station (i.e., not nested) was developed using the ArcHydro
Data Model in ArcGIS, and these drainage areas are presented in Figure 2.1-3. Model inputs were
developed using an elevation grid created from 1-ft light detecting and ranging (LIDAR) images (a digital
elevation model from 2014) and manual site-specific controls based on field assessments. Each drainage
area defines the area that drains to the particular gaging station from either the next upstream gaging
station or the headwaters of the watershed.

The impervious surface area was derived from the Los Alamos County’s roads and structures GIS layers.
Roads, parking lots, and structures were considered impervious, and the total impervious area was
computed for each watershed. The total impervious area was then divided by the total area of each
watershed to compute the percent impervious surface area. The following assumptions were made in
determining the percent impervious surface area: (1) the roads/parking lots and structures GIS layers
were developed in 2009, and thus newer impervious surfaces will not be captured; (2) other impervious
surfaces such as sidewalks and rock outcroppings may not have been included in the calculations. A
significant factor in the frequency of discharge at each gaging station is the ratio of pervious to impervious
surface area discharging to the gaging station or within the canyon drainage (Table 3.1-1).

3.2 Water and Sediment Transmission

Figure 3.2-1 is a flow diagram of the LA/P watershed showing each gaging station and the location of
sediment transport mitigation sites. Figure 3.2-2 shows box-and-whisker plots of SSC for DP, Los Alamos,
and Pueblo/Acid Canyons from up- to downstream over the past 7 yr of monitoring. As expected,

Los Alamos Canyon had high concentrations of suspended sediment in 2013 as a result of the

Las Conchas fire in 2011 and because there is less impervious area contributing to Los Alamos Canyon,
thus making more sediment available for erosion. Large post-fire runoff events have tapered off since the
fire and SSC magnitudes have returned to pre-fire levels. Sampled SSC levels in 2019 are higher than in
recent years and similar to post-fire levels, but that is most likely due to SSC sampling from only the
largest runoff events. The sampling trip levels at most gage stations in Los Alamos, DP, and

Pueblo Canyons were significantly increased in 2019 to insure only the largest runoff events were
sampled. SSC in DP and Pueblo/Acid Canyons is significantly less than in Los Alamos Canyon. Historical
observations show that SSC in Los Alamos Canyon generally decreases from E026 to E050.1, particularly
after flowing through the lower Los Alamos Canyon sediment detention basins and low-head weir
(between E042.1 and E050.1). SSC then increases greatly after the Guaje Canyon confluence (E099), and
decreases slightly at E109.9. Gaging station E109.9 was decommissioned after the September 2013 flood,
and sampling has not been performed at E099 since 2014 because Guaje Canyon watershed is not
impacted by the Laboratory; thus, sampling is not required as part of the LA/P monitoring efforts. In

DP Canyon, SSC generally decreases from E038 to E039.1. This is most likely because of the large
percentage of impervious area in the E038 watershed, causing high-velocity, high-erodibility flows that
scour the channel between the townsite and E038; then the DP Canyon floodplains area and GCS
decrease the flow velocity before it reaches E039.1, removing sediment. In 2019, SSC was collected at
E038 and E039.1 on July 26 and August 7. SSC was not collected at E040 in 2019 because the sampler
clogged with sediment when it attempted to sample both these flow events. July 26 and August 7 were the
only flow events large enough to sample at E040. Both these flow events were sampled for SSC at E042.1
and E050.1. Gaging station E050.1 collected SSC during one more flow event on July 8. With large storm
events, DP Canyon flows join Los Alamos Canyon to increase the flow velocity and SSC measured at
E042.1, and the lower Los Alamos sediment detention basins and low-head weir remove sediment,
reducing the SSC at E050.1.
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In Acid Canyon, SSC decreases slightly from E055.5 to E056, most likely because of the largely
impervious area associated with E055.5 and the largely pervious area associated with E056. In 2019,
flow was not large enough to sample at E055.5, and E056 did not have any samples. Although the sensor
at E056 was not functioning for part of the season, field measurements of high water marks indicate that
no flow events were greater than 50 cfs. Acid Canyon joins Pueblo Canyon just below E056 in Acid
Canyon and EO055 in Pueblo Canyon. Historically, SSC has been slightly higher at E055 in Pueblo
Canyon above this confluence then at E056. In 2019, there was only one flow event large enough to be
sampled by E055, and it was not sampled. Gaging station E059.5 is located in lower Pueblo Canyon
below this confluence with Acid Canyon and after other inputs from many other tributaries. In 2019,
discharge at E059.5 exceeded the trip level of 5 cfs three times and was sampled once. From E059.8 to
below the GCS at E060.1, SSC increased significantly in 2015; however, in the last 8 years, 2015 was the
only year E060.1 experienced flow large enough to sample. In 2019, flow was not great enough to sample
at E059.8 or E060.1.

For runoff events exceeding sampling triggers in 2019, Figure 3.2-3 shows hydrographs for Los Alamos,
DP, and Acid/Pueblo Canyons from upstream to downstream. Table 3.2-1 summarizes the flood bore
transmission downstream across the major sediment transport mitigations, including travel time of flood
bore from the upstream to the downstream gaging station, peak discharges of the flood bore at the
gaging station, and the percent reduction in peak discharge between the stations for every sampled runoff
event in 2019. The flood bore is defined as the leading edge of the storm hydrograph as it transmits
downcanyon, and peak discharge is the maximum 5-min instantaneous flow rate measured during a
flood. The focus was on peak discharge because it is related to stream power, and in ephemeral streams
in semiarid climates, the greater the stream power, the greater the erosive force, and hence the greater
the sediment transport (Bagnold 1977, 111753; Graf 1983, 111754; Lane et al. 1994, 111757). As flood
bores move from up- to downstream, peak discharge can either increase by means of alluvial
groundwater and/or tributary contributions or decrease because of transmission losses (infiltration).
During the August 7 runoff event, the peak discharge exceeded the rating curve for E038. A best-fit
equation of the rating curve was used to calculate the peak discharge value. During the July 26 and
August 8 runoff events the peak discharge decreased between E038 and E039.1, and historically this is
the case; however, with the estimated peak discharge value for the August 7 flow event at E038, the peak
discharge increased between the two stations. It is possible that the peak discharge value is
underestimated.

Figure 3.2-4 shows the hydrograph and sedigraph for gaging stations E038, E039.1, E042.1, E050.1, and
E059.5, which sampled through all or most of the duration of a runoff event plotted as time after the peak.
Typically, SSC decreases through the hydrograph as energy dissipates and is highly correlated with
discharge. At the end of the hydrograph and sedigraph for gaging station E038 during the August 7 runoff
event, the SSC increases significantly while the discharge decreases. One likely explanation is that
sediment deposition during the falling limb of the hydrograph raised the channel bed up to the opening of
the sampler intake tube and potentially buried it, causing the sampler to pull sediment straight off the
channel bed.

Figure 3.2-5 shows the linear relationship between sediment yield and runoff volume for the stations
where SSC was measured throughout the runoff event over the past 7 yr of monitoring; Table 3.2-2
presents the 2013 through 2019 values shown in Figure 3.2-5. Although SSC and instantaneous
discharge are not always highly correlated as a result of localized precipitation, sediment availability, or
antecedent conditions, the linear relationship between sediment yield and runoff volume is well
established (Onodera et al. 1993, 111759; Nichols 2006, 111758; Mingguo et al. 2007, 111756).
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The runoff volume for each event was computed as follows:

V=3LoQt)(tis1 —t) Equation 2
Where n = the number of instantaneous discharge measurements taken throughout the runoff event,
t; = the time at which an instantaneous discharge measurement is taken, and
Q(t;) = the discharge (ft¥/s) at time ¢; (multiplied by 60 to convert from ft3/s to ft3/min).
The mass of sediment for each runoff event was computed by
M= 37 0(4) (4 —t)ssc(y) Equation 3
Where m = the number of SSC samples taken throughout the storm event,
ti = the time, j, at which an SSC sample is taken,

()

the discharge (ft*/s) at time ¢; interpolated from the instantaneous discharge
measurements taken at time ¢; (multiplied by 60 to convert from ft¥/s to ft3min), and

ssc(t;) SSC (mg/L) at time t; (multiplied by 28.3 x 107° to convert from mg/L to kg/ft®).
Figure 3.2-6 shows the linear relationship between sediment yield and peak discharge, which is not as
robust as the relationship between sediment yield and runoff volume during the past 7 yr, shown in
Figure 3.2-5.

3.3 Geomorphic Changes and Vegetation Health

Geomorphic changes that occurred from 2011 to 2019 at sediment transport mitigation sites in the
LA/P watershed were evaluated and are discussed in Appendix B.

In 2019, new aerial survey techniques replaced previously implemented ground-based global positioning
system (GPS) survey methods. Tetra Tech was contracted to survey Los Alamos, DP, and

Pueblo Canyon areas of interest using airborne hyperspectral and LiDAR equipment to collect
geomorphic and vegetation data. A baseline LIDAR aerial survey was performed in 2018, during which
points were measured at a density at least equivalent to the 2016 LiDAR data set (18—24 points per m?).
The LiDAR surveys provided a detailed digital elevation model (DEM) of the entire active channel within
the wetland area, allowing comparison with historic ground-based geomorphic survey data.

Vegetation features were surveyed using an AISA EAGLE Il visible and near-infrared (VNIR)
hyperspectral imaging sensor system affixed to a Cessna 172 Skyhawk. A total of 128 spectral bands for
the VNIR were collected, producing a ground sampling distance of 0.5 m. Location and altitude data were
collected by an Oxford Technical Solutions, Ltd., 2+ second-generation GPS.

Upon completion of airborne survey efforts, ground truthing was performed to identify reed canary grass,
willow, and cattail. These data were used to develop a classification algorithm for the analysis of the
hyperspectral data. Analysis resulted in seven target vegetation classes: reed canary grass, willow,
cattail, mixed reed canary grass and willow, other vegetation, surface water, and non-vegetated.
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3.4 Impact and Efficiency of Watershed Mitigations
Below is a discussion of each watershed mitigation and the impact and efficiency of that system.

DP Canyon: Sampling was performed in DP Canyon on August 7 above the GCS and upstream wetland
(at E038); sampling below the GCS and upstream wetland (at E039.1) was performed on July 26 and
August 7 (Table 2.3-1). SSC analyses performed from samples collected during these runoff events allow
direct evaluation of the effect of the GCS and upstream wetland on flow and sediment transport

(Figures 3.4-1 and 3.4-2). Sample collection began within 5 min of the flow volume exceeding the trip
level: 100 cfs for EO38 and 50 cfs for E039.1. On July 26 at E039.1 the runoff event had a calculated
sediment yield of 5.5 yd® (E038 did not sample on July 26), and for E038 and E039.1, respectively, the
calculated sediment yield is 30.5 yd®and 12.2 yd® on August 7 (Table 3.2-2). The sediment yield was
reduced by 60% between these two stations, or from above to below the GCS/wetland, for the August 7
event.

Statistics over the past 7 yr of monitoring are also useful in assessing performance. Figure 3.4-1 shows
box-and-whisker plots for E038 and E039.1 for SSC and peak discharge. These plots show major
reductions in SSC and slight reduction (depending on the year) in mean peak discharge (i.e., erosive
force) over the 7 yr, which are consistent with the goals of the sediment transport mitigation activities. In
2019, most peak discharge values from runoff events in DP Canyon were lower than in prior years, but
the sampled SSC values were higher than in recent years. This is most likely due to the increased trip
levels, which ensured that only the runoff events with high peak discharge and therefore increased
erosive force and stream power to carry more sediment were sampled (Figure 3.4-1). Another potential
contributor to the increased sediment is heavy construction at the head of the DP watershed.

Decreasing storm water velocity allows for increased infiltration, thus reducing peak discharge, reducing
the distance the flood bore travels downstream, and reducing the distance that sediment and associated
contaminants entrained in the storm water travel downstream. Increasing infiltration reduces peak
discharge but can also decrease the total volume of storm water. In 2019, the peak discharge decreased
in three of five measureable runoff events between E038 and E039.1, with an average decrease of

49% relative percent difference (RPD), and increased in two of five runoff events, with an increase of 52%
RPD (Table 3.2-1).

Pueblo Canyon: In 2019, SSC analyses were performed on the August 7 runoff event in Pueblo Canyon
above the drop structure (E059.5). This runoff event at E059.5 had a calculated sediment yield of 4.0 yd?®
(Table 3.2-2). However, no SSC data were collected below the drop structure (E059.8), or below the
wetland and GCS (E060.1) (Table 2.3-1). Therefore, statistics over the past 7 yr of monitoring must be
used to assess performance. Figure 3.4-1 shows box-and-whisker plots for E059.5, E059.8, and E060.1
for SSC and peak discharge. As these plots indicate, mean peak discharge was effectively attenuated
through the Pueblo Canyon wetland, resulting in little to no transport from the upper Pueblo watershed
into lower Los Alamos Canyon. This is consistent with the goals of the sediment transport mitigation
activities. In 2019, the peak discharge decreased in five of five measurable runoff events between E059.5
to E059.8 with an average decrease of 100% RPD. The peak discharge between E059.8 and E060.1
increased in one of one measurable runoff events with an increase of 100% RPD (Table 3.2-1).

The discharge magnitude is being reduced through this area, which is a primary goal of the mitigation
actions. Indeed, discharge is being reduced so much that no samples were collected at E060.1 in 2012,
2013, 2016, 2017, 2018, or 2019; SSC was not analyzed for the one sample collected in 2014; and only
two samples were collected in 2015. In addition, SSC magnitude was reduced through the mitigation
structures in 2015.
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Los Alamos Canyon: Sampling was performed in Los Alamos Canyon on July 26 and August 7 above
(EO042.1) and below (E050.1) the lower Los Alamos sediment detention basins and low-head weir

(Table 2.3-1). Sample collection began within 5 min of the flow volume exceeding the trip level: 50 cfs for
E042.1 and 5 cfs for E050.1. The calculated sediment yield at E042.1 and E050.1, respectively, is 36.1 yd?
and 14.7 yd®on July 26, and 36.9 yd® and 16.0 yd® on August 7 (Figure 3.4-3 and Table 3.2-2). The
sediment yield between above (E042.1) and below (E050.1) the lower Los Alamos sediment detention
basins and low-head weir was reduced 59% in the July 26 runoff event and 57% in the August 7 runoff
event. In 2019, peak discharge decreased in three of five measureable runoff events between E042.1 and
E050.1, with an average decrease of 41% RPD. The peak discharge between E042.1 and E050.1
increased in one of five measurable runoff events with an increase of 40% RPD (Table 3.2-1). Sediment
trapping efficiency is expected to be higher in smaller events and events early in the season before the
detention basins have filled with water. Flow is reduced through the weir and the upstream sediment
detention basins, allowing sediment to settle out of suspension; thus, this mitigation feature is performing as
designed.

In addition to examining coinciding sampling events, performance of the weir and upstream sediment
detention basins can be assessed by examining statistics over the past 7 yr of monitoring. Figure 3.4-1
shows box-and-whisker plots for E042.1 and E050.1 for SSC and peak discharge. These plots show
major reductions in SSC, particularly in the post—Las Conchas fire years of 2012 and 2013; thus, the weir
is performing as designed. The SSC values in 2019 were around the values seen in the post-fire years.
This is most likely due to sampling only the largest runoff events. Minor reductions in peak discharge
occurred from 2011 to 2013 and 2016, 2018, and 2019; minor increases in peak discharge occurred in
2010, 2014, 2015, and 2017.

35 Los Alamos Canyon Snowmelt and Otowi Well #2 Discharge

From the beginning of March 2019 through May 2019, there was constant flow through all of Upper

Los Alamos Canyon—from E026 down to E050.1—as shown in Figure 3.5-1. The runoff at E026 is from
snowmelt from the mountains discharging through the Los Alamos Reservoir. Since E030, E042.1, and
E050.1 have very similar flow volumes for the majority of the flow duration, it is safe to say that most of
the flow through Los Alamos Canyon was snowmelt runoff. During this time, Los Alamos County was
discharging water into the Los Alamos Canyon from a municipal well, Otowi Well #2, which the County
was developing and testing. Table 3.5-1 shows the dates and flow rates of the discharge from the well
into Los Alamos County. Otowi Well #2 is located downstream of EO30 and upstream of E042.1. Though
there was contribution from the well to E042.1 and E050.1, the majority of the water was from snowmelt.

4.0 ANALYTICAL RESULTS

Appendix D (on CD included with the document) contains the analytical results for the LA/P watershed.
Appendix B of the 2016 Consent Order requires the submission of this annual monitoring report to NMED.

4.1 Analytes Exceeding Comparison Values

The watershed mitigations in the LA/P watershed have been constructed to mitigate the transport of
contaminated sediments, and the analytical results from monitoring are presented and evaluated within
this context. The mitigation actions were not undertaken with the objective of reducing concentrations of
water-borne contaminants to specific levels, and the analytical results are therefore not compared with
water-quality standards or other criteria for that purpose or for the purpose of evaluating compliance with
regulatory requirements. For this report, monitoring results are compared with water-quality standards at
the request of NMED.
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The New Mexico Water Quality Control Commission Standards for Interstate and Intrastate Surface
Waters (20.6.4 New Mexico Administrative Code [NMAC]) establish surface water criteria. Surface waters
within DP Canyon at E038, Pueblo, and Acid Canyons are unclassified, non-perennial waters of the state
under 20.6.4.98 NMAC, with segment-specific designated uses of livestock watering, wildlife habitat,
marginal warm-water aquatic life, and primary contact. The criteria applicable to the marginal warm-water
aquatic life designation include both acute and chronic aquatic life criteria and the human health—
organism only (HH-OO) criteria. Surface waters within Los Alamos Canyon and DP Canyon at E039.1 are
classified as ephemeral and intermittent waters of the state under 20.6.4.128 NMAC, with segment-
specific designated uses of livestock watering, wildlife habitat, limited aquatic life, and secondary contact.
The criteria applicable to the limited aquatic life designation include the acute aquatic life criteria and the
HH-OO only criteria but do not include the chronic aquatic life criteria.

Water-quality criteria for total and total recoverable pollutants are compared with unfiltered surface water
sample concentrations. The water-quality criterion for total recoverable aluminum is for filtered storm
water samples using a 10-um pore size. NMED’s Surface Water Quality Bureau suggested that a 10-um
filter size is too large (NMED 2016, 602301); however this report presents exceedances of the 10-um
pore size following current guidance (NMED 2012, 700224). Other water-quality criteria are for dissolved
concentrations of pollutants, which are compared with filtered storm water samples using a 0.45-um pore
size. Acute and chronic aquatic life criteria for dissolved cadmium, chromium, copper, lead, manganese,
nickel, and zinc, and acute